A model for intrinsic decoherence in quantum mechanics is proposed, based on a simple modification of unitary Schrodinger evolution. On sufticiently small time scales the system evolves by a random sequence of unitary phase changes generated by the Hamiltonian. The Schrodinger equation is obtained to zeroth order in the expansion parameter. Higher-order corrections lead to a loss of coherence in the energy basis. The rate of coherence loss becomes very large as the energy scale of the system is increased.
I. INTRODUCTION
The feature of quantum mechanics that most distinguishes it from classical mechanics is the coherent superposition of distinct physical states. This feature is at the heart of the less intuitive aspects of the theory. It is the basis for the concern about measurement in quantum mechanics [1] , and it is the explanation for the nonappearance of chaos in systems that classically would be chaotic [2] . Apparently, however, the superposition principle does not operate on macroscopic scales, although nothing in the present formulation of quantum mechanics would indicate this.
The problem for standard quantum mechanics is to provide an explanation for the nonappearance of macroscopically distinguishable states. At least two approaches have been adopted in the literature. The first approach seeks an explanation entirely within standard quantum mechanics supplemented with reasonable statistical arguments. One traces the decoherence of macroscopic systems to their characteristic multiplicity of degrees of freedom, the idea being the quantum coherence rapidly becomes spread over many more degrees of freedom than an observer can have access to [3] . The statistics of the few observables that are accessible is easily described by a reduced density operator that is rapidly diagonalized in some preferred basis. A second approach to the problem seeks to modify Schrodinger's equation in such a way that coherence is automatically destroyed as the physical properties of the system approach a macroscopic level. This might be called "intrinsic" decoherence. A number of models have been proposed [4 -10] the most widely known, perhaps, being that of Ghirardi, Rimini, and Weber [4] . In their model, each element of a system, at Poisson distributed times, undergoes a sudden localization over some range. The model contains two new parameters defining the frequency and the spatial extent of the localization. A related model is discussed in Ref. [5] . Diosi [6) has attempted to remove the need for new parameters by linking the localization process to variations in gravitational potential. As discussed in Ref. [7] however, the model of Diosi leads to an unacceptably large increase in the growth of the energy of microsystems. This problem can be overcome, albeit with the introduction of a new parameter [7) . Nonetheless, the energy will not be a constant of motion in any of these models.
Another approach linking decoherence to gravitational, in fact quantum gravitational, effects has recently been discussed by Ellis, Mohanty, and Nanopoulos [8, 9] . In fact, each of these papers offers a different model based on wormhole effects. In Ref. [9) , the loss of coherence can be traced to a new gauge-invariant, nonlocal interaction wormhole-matter coupling, which leads to a decay of coherence in a two-state SQUID system that goes exponentially as -t, rather than exponentially as -t, in other models. This suggests that the decoherence cannot be represented by a linear, Markovian quantum stochastic process. In this context, however, it should be noted that two measurement models [10, 11] 
where Vl(r)=8(r) l. A simila-r equation to Eq. (2.4) has been used to describe the sub-Poissonian pumped laser [13] . 
Note that the rate of diagonalization depends on the square of the energy separation of the superposed states.
Thus coherence between states that are widely separated in energy compared to Planck's constant decay rapidly.
This type of double commutator has appeared in many models for coherence decay [3,4 -10] . Most [16] .
Quite apart from the effect on quantum coherence, the above results indicate that the generalized evolution would cause significant deviation in behavior in the moments. As it is usually much easier to measure moments than to construct possibly macroscopic interference devices, such deviations should be easier to test. However, the crucial question is the time scale on which these effects become important and this is determined by the size of y '. Previous studies [10, 15] For a free oscillator the maximum interference occurs when the Gaussian wave packets overlap at the origin. This occurs at t =m/2(00 and we henceforth only consider the position probability at this time.
The sums in Eqs. The additional complex term proportional to A, in Eq. There are number of reasons why destruction of coherence in the energy basis may be sufficient to avoid macroscopic consequences of the superposition principle. First, many schemes to search for a macroscopic quantum superposition state involve time evolution as an essential component. In coherent quantum tunneling an initial state localized in some macroscopic state evolves first to a superposition of two localized states and finally to a state localized in a state macroscopically distinct from the initial state. For such a process to occur, the time evolution must preserve coherence in the energy basis. For example, consider a particle moving in a symmetric bistable, quartic potential. A localized state in one well could simply be a superposition of the two lowest-energy eigenstates. Tunneling will only be possible if coherence beThe important point to note here is that the decay rate of V(x) from one near x =0 is proportional to x0. This dependence is characteristic of the effect of nonunitary evolution on quantum coherence features [17, 18] . Such Another possible test of the model is to search for the decay of first-order moments in oscillatory systems. The coherent excitation of a two-level atomic transition is well described in terms of the precession of a spin half particle. The precession frequency is the Rabi frequency for the transition, which is proportional to the strength of the applied field. The Hamiltonian describing this process, in a frame rotating at the transition frequency, is [20] bF(t) = 
